Highlight: Range renovation using a moldboard plow, disc plow, rotovator, blade, and strip spraying with atrazine was evaluated on a clayey and a sandy range site 35 miles south of Gillette, Wyoming. Herbage yields and vegetative composition were influenced by the individual renovation treatment, range site, and distribution and amount of April, May, and June precipitation. The amount of total perennial grass was significantly increased on the plots treated with the rotovator and strip spraying with atrazine on the clayey site, and on plots treated with atrazine on the sandy site. The 5-year average yield of blue grama from the atrazine treatments averaged 872 and 939 lb/acre on the clayey and sandy range sites, respectively, as compared with 237 and 229 lb/acre, respectively, on the check. The blue grama on plots sprayed with atrazine produced a profusion of seed heads and remained green later in the season than on any of the other treatments. The disc plow and the rotovator appear to have a greater potential than the moldboard plow or blade for range renovation. Annual grasses may become a problem with any range renovation, and should be con trolled.
Various mechanical treatments have been used on rangelands to increase herbage production, improve species composition, and reduce surface runoff and erosion. Pitting, contour furrowing, and ripping have been the most widely used methods for range renovation on the Great Plains rangelands.
Abandoned farm lands usually are more productive because more of the desirable species are present than on the undisturbed contiguous native rangeland in poor or fair condition.
This indicates that a more severe tillage treatment than pitting or furrowing may be needed to improve some range sites. Thatcher (1966) studied a clayey range site in northeastern Wyoming that was disc plowed and abandoned and stated that mechanical treatments applied in the past may not have been as severe as
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The author is indebted to the Durham Ranches, Inc., for providing the land for the research area, and gratefully acknowledges the assistance of Albert P. they should have been. Powell and Box (1967) found that soil disturbance in south Texas retarded secondary plant succession and that brush control with a minimum of soil disturbance was the most reliable method of improving the successional stage and increasing herbage production. Branson et al. (1966) stated that for a mechanical treatment to have a lasting effect it must modify the soil surface and in such a manner that precipitation is retained and stored in the soil. Wight and Siddoway (1972) concluded that the beneficial effects of five surface modification treatments on rangelands in Montana were due to increased soil water, improved species composition, and increased nutrient
SUPPlY.
Weathering and decomposition of organic matter release plant nutrients when the soil is tilled or cultivated. The magnitude of the t illage determines the longevity and amount of the fertility benefit. McCalla (1967) stated that tillage, with subsequent aeration and mixing of the residues with the soil, stimulated the ammonifying and nitrifying microorganisms.
This study was made to evaluate the effects of four severe tillage treatments and a herbicide applied in strips on herbage production and species composition of a clayey and a respectively, a good cover of native vegetation was present throughout the study on both sites (Fig. 1, A & B) . Plains prickly pear and big sagebrush were scattered throughout the plots. Above-average spring precipitation in 1971 accounted for the higher than average perennial grass yields on the clayey site. Abnormally high precipitation in August, 1972, was not as effective in increasing perennial grass yields on the clayey site as it was on the sandy site.
Clayey Site
Total herbage yield from the check plots averaged 454 lb/acre over the 5-year period, significantly less than from M-plow, rotovator, and atrazine treatments ( Table 2 ). Annual herbage yields fluctuated in relation to the April, May, and June precipitation. Blue grama was the dominant grass species. The proportions of total herbage contributed by the blue grama and western wheatgrass changed directions over the 5-year period. Blue grama decreased from 65% and 68% in the first 2 years to 42% and 41% of the total composition in the last 2 years. Western wheatgrass increased from 18% in each of the first 2 years to 28% and 30% in the last 2 years. Regression analysis showed the reversal in percentage composition by blue grama and western wheatgrass to total herbage was highly significant. Annual grasses were of no importance. Forbs (annual and perennial) were influenced by precipitation patterns among years and contributed a maximum of 9% of total herbage in 1971.
Sandy Site
Not all the broadleaved forbs were killed by the aerial spraying of 2,4-D in June, 1970; 55 lb/acre were present when the subplots were harvested in the fall.
Total herbage yield from the check plot at this site averaged 523 lb/acre over the 5-year period, significantly less than those from the M-plow, D-plow, and atrazine treatments ( 
Moldboard-Plowed Treatment
The native sod was plowed about 4 inches deep at the clayey site and 5 inches at the sandy site using a two-bottom M-plow. The furrow slice was turned over and left with no further treatment. Plants not covered with soil soon died because roots and exposed tops dried out. After plowing, the soil surface was rough, and remained so until livestock were permitted to graze the experimental area 2 years later (Fig. 1, C & D) .
Western wheatgrass increased slowly, and by the fourth year (1971) was conspicuous on both sites. A few scattered plants of blue grama were present on both sites. Dominant annual forbs present on both sites were tansy mustard (Descurainia pinnata) and green pepperweed (Lepidium dens&forum). Abundance of annual forbs varied with years. Russian thistle (Salsola kali) was present on both sites, particularly the first and second year after treatment. Slimleaf goosefoot (Chenopodium Zeptophylum) was important the first 2 years of the study. Plains Bahia (Bahia oppositifolia), a perennial forb, was the dominant forb on the clayey site; forb dominance varied on the sandy site. The first 2 years, scarlet glob emallow (Sphaeralcea coccinea) was dominant, and by the fifth year fringed sagewort (Artemisia frigida) was dominant.
Clayey Site
Over the 5year period, total herbage from plots treated with the moldboard plow averaged 988 lb/acre ( 1004 lb/acre for the 5 years (Table 3) . plots. Western wheatgrass was the This was significantly greater than dominant perennial grass and ranged production from the check and blade from 5% to 61% of the total composition the first year after treatment to 19% the fifth year. Most of the increase was from the deeper cut areas. Total perennial grass yield was similar to that of the check. Miscellaneous forbs were important in the total composition during the second and third year.
Atrazine Treatment
Atrazine was applied on April 30, 1968, when western wheatgrass had about 2 inches of new growth, killing more than 60% of the vegetaion (Fig.  3, C & D) . The western wheatgrass in the sprayed strip was killed, and the big sagebrush died the year after treatment. Three years after treatment only a few scattered plants of western wheatgrass were noted in the nonsprayed strip. Blue grama accounted for all the herbage on the clayey site and all but 6 lb/acre on the sandy site the first year after treatment.
Thereafter, blue grama produced a profusion of seed heads and more basal herbage that remained green later in the season than on any of the other treatments.
During the fifth year, annual forbs (plains plantain, stickseed, and fringed sagewort), cheatgrass and sixweeks-fescue, and scattered plants of blue grama were present in the sprayed strip, indicating that the atrazine was no longer effective.
Soil samples were collected in September 1970 September , 1971 , and 1972 from the atrazine-sprayed strip at both sites for bioassay to determine the residual activity of atrazine. Soil samples were taken from 0-to 2-, 2-to 4-, and 4-to 6-inch depths, and oats were grown in the soil samples. Atrazine in the soil obtained from the 1970 sampling killed the oats. Oats grown in the soil collected in 197 1 were not killed, but leaf tips died back and plants were not vigorous. Numerous leaf tips died when oats were grown in the soil collected in 1972, but otherwise the plants maintained vigorous growth.
BY
September 1972, the atrazine-treated strips averaged about 10 inches wide, indicating that the blue grama was reinvading the sprayed strip.
During the spring of 197 1 and 1972, soil in the sprayed strip frost-heaved at both sites. Apparently, spring snows trapped by the blue grama saturated the soil and froze, thereby causing the frost heaving. In the spring of 1971, dead crowns of the blue grama in the sprayed strips were lifted by the frost heaving, but most of them settled with time. Frost heaving in the spring of 1972 removed most of the blue grama crowns, and erosion was accelerated.
Clayey Site
Total herbage for the 5-year period from the atrazine-treated plots at this site averaged 952 lb/acre. This was significantly more total herbage than was obtained from the check, D-plow, or blade treatments. During the last 3 years of the study blue grama was very productive, and was the dominant grass in all years.
Blue grama accounted for 100% of the composition the first 2 years, and for 83% during the fifth year. Forbs and annual grasses increased during the fifth year.
Sandy Site
Total herbage production from atrazine-treated plots averaged 1,053 lb/acre over the S-year period, and was significantly greater than the herbage yields obtained from check, rotovator, or blade treatments.
Blue grama was the dominant grass in all years, and accounted for 99% of the composition in 1969, and 75% in 1972. Over the 5 years, the sandy site treated with atrazine produced 9% more perennial grass than did the same treatment on the clayey site. Annual grasses and forbs increased particularly during the last year of the study.
Western Wheatgrass Culms
Western wheatgrass culms were counted on each treatment to compare treatment effects on western wheatgrass stands (Table 4) . Clayey Site
The number of western wheatgrass culms on the rotovator, D-plow, M-plow, and blade treatments did not differ significantly on the clayey site. The average number of western wheatgrass culms ranged from 5.4 per square foot on the atrazine treatment to 48.5 per square foot on the rotovator treatment. Significantly more western wheatgrass culms were present on all tillage treatments than on the check or atrazine treatment.
%ndy Site
The check, blade, and atrazine-treated plots had significantly fewer western wheatgrass culms/square foot than did the other plots. The average number of culms per square foot ranged from 1.1 on the atrazine-treated plots to 30.1 on the M-plow.
Except for the M-plow treatment on the sandy site, the clayey site had more western wheatgrass culms per square foot regardless of treatment. The check on the sandy site had one-fifth as many western wheatgrass culms as did the check on the clayey site.
Conclusions
Composition and herbage yields were influenced by renovation treatment, range site, and amount and distribution of the April-May-June precipitation.
Plots strip sprayed with atrazine produced significantly more total perennial grass than any of the other treatments.
The first year after treatment blue grama was vigorous, produced a profusion of seed heads, and its herbage remained green later in the season. By the fourth year the residual activity of the' atrazin'e had largely disappeared. Kay (1971) reported that dry matter yields from a sward of red brome (Bromus rubens), Arabiangrass (Schimus arabicus), and red stem filaree (Erodium cicutarium) were increased sixfold by atrazine at 1 lb/acre in California. Forage crude protein and nitrate-nitrogen were also increased significantly.
Atrazine at 1 lb/acre in combination with 40 lb N/acre applied in December or May was an effective method for increasing protein yield of shortgrass range in Colorado (Houston and van der Sluijs, 1973) .
Numerous annuals were present in the sprayed strip by the fifth year. These annuals utilize soil water and nutrients before the blue gtama starts growth and may crowd the blue grama out of the composition unless controlled.
Disc plowing and tilling with a rotovator may have potential as range renovation practices for improving species composition particularly on the finer textured soils. Severe tillage on a sandy range site appears to foster infestations of annual forbs and grasses. The marked increase of annual grass on the sandy site during the last 3 years of the study may have been influenced by the spraying of 2,4-D in 1970. Perhaps, the undesirable annuals could be controlled by herbicides. Evans et al. (1969) found that atrazine at 1 lb/acre controlled an average of 91% of the cheatgrass and 90% of the total weeds.
Blading or scalping with a road patrol appears to be of no value except to remove cactus and sagebrush. To increase the western wheatgrass, blading must remove the surface 2 inches or more of topsoil. Bare soil is subject to wind and water erosion and surface sealing, which delays secondary plant succession. Another undesirable feature is the problem of disposing of surface soil removed in the operation.
If soil debris is windrowed, it becomes a seedbed for undesirable annuals, which may then spread. Strip blading may be of value where snow trapping is desired.
with no follow-up would not be recommended as a range improvement practice. The plowed sod should have been prepared and seeded with adapted species or at least packed mechanicatiy or by livestock.
Yields of perennial grasses on the renovation treatments increased slower on the sandy site than on the clayey site. Annual forbs were dominant at first but were followed by the annual grasses, which are more troublesome. Moldboard-plow, disc-plow, and rotovator treatments increased western wheatgrass on both range sites by pruning and redistributing the western wheatgrass rhizomes. Reduced competition for available soil water and nutrients and more available nitrogen resulting from the disturbance of the native sod probably also were factors. Nichols (1969) stated that rhizomes of western wheatgrass plants may spread several feet in one favorable growing season, enabling recolonization of bare areas.
Light grazing the first 2 years may have been a better management tool than total deferment of grazing. Livestock trampling the tilled plots would have packed the soil and may have speeded up the establishment of vegetation on the area. To insure a stand, a desirable species should be seeded following a severe tillage treatment. This would be a small part of the cost of a renovation treatment.
Longevity of a renovation treatment will vary with range site and management.
Once secondary succession has occurred from a severe determine its longevity. Longevity of a herbicide treatment as used here may be 7 to 1 0 years, depending upon the range site, management, and encroachment of annual grasses.
